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A STUDY II THE HETEROCYCLIC SERIES
I. INTRODUCTION
The purpose of this work v.as the preparation of various
heterocyclic compounds using 'd ichlorodiethyl ether as a
laboratory reagent. Though this substance is of rather sim-
ple structure it's preparation is not recorded in the litera-
ture .
In selecting this topic for a course of experimental study,
it was not thought that any compounds would be found that would
offer economical advantages to chemistry or the commercial
world, but rather that the reactions involved in such a study
would be a means of broadening the writer's knowledge of organ-
ic chemistry, and at the same time contribute a share to the
advancement of organic chemistry.
The compounds prepared might seem to be of considerable
interest due to their similarity structurally to several well
known compounds of industrial interest, y^^ichlorodiethyl
ether is the oxygen analogue of mustard gas, the substance so
much used, and of such importance in the recent war. A der-
ivative of this ether, which is also a barbituric acid deriva-
tive, bears a close similarity to veronal, the well known
hypnotic. These compounds do not greatly resemble mustard
gas or veronal in physiological properties, but the study of
their structural similarity is one of considerable interest.
Though the preparation of heterocyclic compounds has been
largely developed, these laboratory processes present some new
structures in the heterocyclic series which may be of value in

-3-
later studies.
If this investigation will prove of benefit to others who
are working in chemistry, the writer will feel justified in this
presentation.
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II. HISTORICAL PART
Polymethylene Oxides
The simple polymethylene oxides that have "been prepared
are listed in the following table. The preparations in all
of these oases have been carried out by removal of hydrochlor-
ic acid or sodium chloride from one molecule of chlorohydrin
,
or the sodium salt, thereby closing the ring.
In the preparation of ethylene oxide Wurtz treated
glycol with hydrochloric acid and closed the ring with con-
2
centrated potassium hydroxide solution. Schietz heated
the chlorohydrin with mono-sodiumglycol and procured the clos-
ed ring compound at once.
3
Reboul prepared trimethylene oxide by the action of
solid potassium hydroxide on trimethylene chlorohydrin.
4
Derick and Bissell have described the same method but claim-
ed a large amount of impurities and low yields.
5
Demjanoff has made tetramethylene oxide by using ethyl-
ene dicyanide with sodium in methyl alcohol solution, giving
the diamine. The hydrochloride of the amine was made, and
treated with water and silver nitrite, which formed the nitrite.
Upon distillation in aqueous solution, decomposition took place
and the ring closed. A product was obtained contaminated with
V/urtz, Ann. Ch. Pharra. 110,-125.(1859)
~3chietz, Zeit. Ghem. 1868,-379.
32. Reboul, Ann. Gh. Phys. (5) 14,-496 (1878)
^Derick and Bissell, J. A. G. i3. 38^-2478 (1916)^
5Demjanoff, Jour. Russ. Ghem. Soc. 24,-349 (1893)
impurities such as nitrosopyrrolidine and
1

an -unsaturated alcohol possessing the structural formula
CH2=CH-CH2-CH2 0H.
One exception to the general method of preparation of
these heterocyclic compounds is that by Bourguigon^". He made
tetramethylene oxide by reduction of furane
,
heating the sub-
stance with nickel in a current of hydrogen for six hours at
a temperature of 170* C.
Demjanoff prepared pentamethylene oxide according to the
general method using pentamethylene glycol,
A table of physical constants and the structural formulae
of the oxides is given below.
Structural Specific Boiling
Compound formula Gravity Point
0.8966—0* I3.5"—746.5
0. 8930—20* 47.8*
0.888— 21/4° 67.0°
0.880—0° (Eot recorded)
OH
Ethylene Oxide I
2
>0
GH2-CH2
Trimethylene Oxide CH2-6
,
CH2-CH? mTetramethylene Oxide • >0
CH2 -CH2
OHp— CHc GHp
Pentamethylene Oxide « 6 \ c
GH2-GH2-0
An attempt has been made in this laboratory by Mewcomb
to prepare the next homologue in this series by the preparation
of dibromopropyl ether ( CHpBrCHgCHg-O-CHgCHgCHgBr ) and the
pH. Bourguigon, Bull. Soc. Ghim. Belgique
,
22,-87 (1908)
rDemjanoff, Jour. Russ . Ghem. Soc . 22,-388 (1891)
3liev/comb, Thesis, University of Illinois Library.
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dichloro ether, and an attempted removal of the two halogen
atoms by means of metallic sodium. However, no positive- in-
dications of a closed ring compound were obtained in either
case
.
Di-iodo-diethyl Ether and Derivatives
One preparation of yyj-di-iododiethyl ether is recorded
in the literature and is the only record of a dihalogen ether
of this type. It has been prepared by Sands"'", who first made
the di-mercuric ester having the formula (EHgCHgCHg )20 • At
a temperature of 160° under 7 mm. pressure by direct contact
with iodine, the di-iodo ether was liberated.
2Sands has prepared as a derivative of this ether, the
compound morpholin, a heterocyclic compound containing one
oxygen and one nitrogen atom in the ring and having the formula:
HB s
N GH2-CH2
X
He combined the di-iodo ether with p-toluolsulfamide by heat-
ing in alcoholic potash (3^). The reaction gives the para
toluolsulfomorpholinamide
,
according to the equation;
CH3C 6H4S02HH2 +^2 ?f52 >0 + 2K0HIGHcj GH2
CH3 C6H4S02E^^^2> o + £KI + 2HgO
Morpholin is liberated by heating with hydrochloric acid.
3Khorr has also given the preparation of this compound
4
as well as phenyl morpholin. He prepared morpholin by heat-
lj. Sands, Ber. 34,-1391 (1901)
^Ibid. 2906
3Ludwig Knorr, Annalen 301,-1 (1899 ) ;4 Ber . 30,-918 (1897)
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ing the dihydroxydiethylamine with sulfuric acid at 160° C, and
boiled the reaction mixture with excess alkali. The yields
were small and impure. He noted the following properties:
Boiling Point 128* G 760 mm.
D20 1.0007
4
Ujj 1.4540
It is a colorless, very Hygroscopic liquid, strongly alk-
aline, volatile with ether and water vapor, and miscible with
ordinary solvents in all proportions*
Phenyl morpholin was prepared by condensing equivalent
amounts of aniline and ethylene chlorohydrine , and boiling the
mixture with excess alkali, after preliminary treatment with
fuming hydrochloric acid. The reactions are represented below;
C
fi
HKi;Ho+2ClCHoCHo0H+HCl —* G Hr-H
/ ^2°^2^662 2 2 66 vCH
2
0H
2
0H
^.CHpGHpCl GHpCHp
C 6H5Hv
c 6 KOH —> G 6H5Mx 2° KC1 + H2°GHgGHgOH CHgCHg
Methyl morpholin"^" was prepared in an identical manner.
Ghromane and Goumarane
An interesting work in heterocyclic compounds is exhibited
2
in the recent work by Eindfusz on chromanes and coumaranes.
He has in all cases closed the ring by dehydration with zinc
chloride. He has prepared chromane and coumarane from tri-
methylene-glycol-monophenyl ether or ethylene-glycol-mono-
phenyl ether, yS-bromoethylphenyl ether or ^broraopropylphenyl
^ludwig Knorr, Ber. 22,-2084 (1889)
R. B. Hindfusz, J. A. G. 3. 41,-665 (1919)
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ether, and free phenol with ethylene or trimethylene chloro-
hydrine as the case may be. The first two methods gave the
"best yields.
Chromane has "been prepared previously by Von Braun and
Steindorff by diazotizing y-chloro-o-propyl aniline, and clos-
ing the ring by means of alkali. oemmler in 1906 produced
ohromane by reduction of coumarin and dehydration with sulfur-
ic acid or alcoholic hydrogen chloride in a bomb.
3
Stoermer and Gohl synthesized coumarane by treating o-
bromosodium phenolate with ethylene bromide and metallic sodium.
Ethylene Chlorohydrine
Ethylene chlorohydrine is a much used chemical compound
and is prepared by several different methods.
4
In 1863, Carius prepared ethylene chlorohydrine through
reactions of ethylene and hypochlorous acid (2-5%). For the
particular purpose, a flask with a tight fitting cork was fill-
ed with ethylene gas, and a 2-3% solution of hypochlorous acid
poured on to the gas. He made the mercuric oxychloride by
adding an excess of mercuric oxide. The closed flask is, pre-
ferably, kept in the dark, frequently shaken, and finally plac-
ed in cold water. In about an hour the reaction has reached
completion, and the contents are filtered. The liquid is
distilled until a drop of the distillate sho\.s no turbidity
5;Von Braun and Steindorff, Ber. 38,-855 (1905)
JSemmler, Ber. 39,-2856 (1906)
TStoermer and Gohl, Ber. 36,-2873 (1905)
Carius, Annalen 126,-197 (1863)
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upon the addition of a saturated solution of sodium chloride.
The distillate is extracted with ether, dried over potassium
hydroxide, the ether evaporated on a steam bath, and the
residual chlorohydrine purified by distillation.
Schorlemmer^ has prepared ethylene chlorohydrine by sat-
urating glycol with the vapors of hydrochloric acid at a temp-
erature of 100* G.
Ladenburg modified Y/urtz 1 method by placing the blycol in a
distillation apparatus at 148* G. A t this sta Lre a slow, steady
stream of dry hydrochloric acid gas was run in,to the flask.
The water and chlorohydrine formed by the reaction were distill-
ed, and collected together. The temperature was raised grad-
ually to 160° and maintained there until no more distillate was
obtained. The chlorohydrine was extracted with 2-3 volumes
of ether, and dried over potassium carbonate. The ether
was next distilled, and the products allowed to stand over
freshly fused potassium carbonate. Two distillations gave the
pure substance. This method gave a 60% yield.
Bouchardat made chlorohydrine by heating glycol and
hydrochloric acid in a closed container. A mixture of water,
ethylene cnloride, and ethylene chlorohydrine was obtained.
The latter constituted about one fourth of the total volume.
Bouchardat also purified his product by drying over potassium
carbonate, ind by repeated distillation.
^0 . Schorlemmer, Jour. Ghem. 3oc. 39,-143 (1881)
~Ladenburg, 3er. 1G ,-1408 (1883)
Bouchardat, Jahr. u. d. Fort. Ghem. 1885,-1155
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Ethylene chlorohydrine boils at 128* C. (Warts), 130-131* C.
(Henry). It's specific gravity is 1.240 at 8* C. (..urtz),
1.2233 at 0°G. ( Bouchardat ) . It is miscible with water in
all proportions. It goes to the alcohol through reduction and
hydrolysis with sodium amalgam in water. It is easily oxidiz-
ed by chromic acid to clbroaoetic acid.
Derivative of chlorohydrine are very numerous, but only
one case is available in the literature in which two molecules
were dehydrated first, yielding an ether. Most of the reac-
tions depend upon condensation of the active chlorine atom, form,
ing a dihydroxy butane derivative.
Other Halogen Ethers
Both oC and p monochloro , and both cc , p' , and <s> , cc' di-
chloro derivatives of ethyl ether have been prepared. Bach-
mann^ treated diethylacetal or methyl ethylacetal with one mole
of phosphorus pentachloride
.
CH3CH(0CH3 )-0-C 2H5+PGl5—• CH3aHCl-0-G 2H5*P0Cl3 + CH3CT
2Laatsch treated acetaldehyde and ethyl alcohol with hydro-
chloric acid. The ^3-monochloro ether has been prepared only
3by Henry from the iodo ether using either chlorine
,
antimony
pentachloride or chloriodide.
4Lialaguti prepared the oc.^s -dichloro ether by chlorination
of ethyl ether. katterer^ prepared it by passing hydrogen
chloride gas into chloroaldehyde and alcohol.
1Bachmann, Ann. 218,-39 (1884)
Laatsch, Ann. 218,-36 (1884)
3Henry, Bull, de la Soc . Ghim. de Paris, 44,-459 (1885)
lialaguti, Ann. Monat . 5, 496 (1884)
batterer, Ann. 32,-15 (1840)
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Godefrey1 used /3-chi orovinylethyl ether (CH2Cl=CH-0-C 2H"5 ) with
hydrochloric acid.
Lieben^ and laatsoh^ have both synthesized the oc.tc-'dichloro
ether by passing hydrogen chloride gas into acetaldehyde
.
Godefrey, Jahr. 1886,-1173
Xieben, Ann. 106,-336 (1859); 178,-43 (1876)
'Laatsch, Ann. 218,-16 (1884)
*
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II I-THEORETICAL PART
In starting this problem, the compounds that could be made
from ethylene chlorohydrine offered many points of interest.
If two molecules of ethylene chlorohydrine could be dehydrated,
an ether would be formed having two active chlori .e atoms in
such positions that numerous reactions could be carried out,
closing the ring by the removal of the chlorine. Following
this line of thought, several methods of dehydration of chloro-
hydrine were attempted, resulting finally in a process yielding
28% of the theoretical amount of yS/S-dichlorodiethyl ether.
low in order to prove the structure of such a compound, it
was thought advisable to carry out a reaction involving the re-
moval of these two active chloride atoms, giving a closed ring
compound whose structure is known. The condensation of aniline
with a dichloroethyl ether of the type obtained would readily
prove this structure. Equivalent amounts of the ether and
aniline were refluxed in an alkaline solution for several hours,
and the product extracted with ether and separated by fractional
distillation. The product obtained was phenyl morpholin
G H«p JHg
b b GHgGHg
which established the structure of the dichlorodiethyl ether.
It was of interest, too, to note the structure of the compound
obtained. The reaction yielaed a heterocyclic compound con-
taining two atoms in the ring in addition to carbon, namely,
oxygen and nitrogen in the para positions. Another compound
of the same type is morpholin, the condensation product of
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th e dichloroethyl ether and ammonia, the condensation "being
allowed to proceed in the cold. It was found that the reaction
was too slow, and so the mixture was finally subjected to heat.
However, hardly an appreciable amount of morpholin was obtained,
arid so analysis of the compound was impossible.
Previously, when ring compounds of the morpholin type have
been formed from straight chain compounds, the ring has been
closed between an oxygen atom and a carbon atom. In this par-
ticular case, the ring is closed at the opposite end of the
molecule between the carbon and the nitrogen atoms. The diff-
erence between these two reactions is illustrated as follows:
^CK GH CI
0-HKKHo + 2ClCHoCHo0H + HG1 > C-H Kl!L6 5 2 22 6 5
^CH
2
CH
2
0H
^CH2CH2C1 ^.GHpGHp /
CAHRHV +KOH * C.H.N £0 + KC1+ H„0b D CH
2
GK
2
0H b to ^GH
2
CH
2 X
B
^CH20H2C1
2H0GH2GH2C1+ H2S04 —* 0^
gh ch/ct;;;;
; h^ . oh qk /
°C + >C 6H5 c£ d ^KC 6H5 + 2HC1
^ cH
gcH^r;;;^'Hi gh2ch2
^
x
It will be remembered that Khorr made morpholin and phenyl mor-
pholin by condensations of chlorohydrine with ammonia and aniline
and then dehydrated the reaction mixture to close the ring.
The equation illustrating this reaction is shown above giving
the contrast between the two methods of closing the ring.
It was deemed of interest to study the reaction between
malonic ester and the dichloro-ether
. This reaction should
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yield a heterocyclic compound with oxygen in the ring. The
above assumption was proven correct, and malonic ester reacted
quite readily to give a ring product. The equation follows:
N GHgCH^CTV.ViJ 000R X CHECH2 GC0R
It can be readily observed that numerous side products could be
formed in this reaction, and such proved to be the case when
equivalent amounts of sodium ethylate, ether, and malonic ester
were combined at one time. To avoid this, the reaction was
carried out in two steps. Sodium ethylate, as stated, was em-
ployed, and instead of using the full amount of sodium immediate
ly
,
only one half the amount was added. After refluxing this
mixture of ether, malonic ester, and sodium ethylate for one
hour, the second half of sodium ethylate was added, after cool-
ing, amd refluxed until completion of the reaction. This pro-
cedure was found to give a much purer product.
It seemed probable that the above malonic ester derivative
should react with urea, giving a derivative of barbituric acid.
This assumption also proved correct, a good yield resulting.
The reaction was carried out in a sealed tube at about 105° G,
using sodium ethylate as a condensing agent. The product
obtained possessed a structural formula represented below
Z[ 0=0
s CH2CHg
N C-/
It will be observed that in the above structure the two ethyl
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groups of veronal Q
G— B-H
/* XG2H5~°V" G 2H5 ^/ ~
N
have been replaced "by the ring structure of the oxygen ether.
One might be le^d to believe that the barbituric acid derivative
obtained might have some physiological properties similar to
veronal. To satisfy conjecture on this point, Doctor lewis,
of these laboratories, treated a rabbit with a water solution
of the sodium salt of the above compound. Contrary to opinion,
however, the substance had no hypnotic effect.
This compound is of considerable interest, nevertheless,
because of it's structure. It will be observed that there are
two rings, both heterocyclic. One contain^s oxygen in addi-
tion to carbon, and the second contains two nitre genAin a meta
position, in addition to carbon. Quantitative analysis of
this compound showed that there was one molecule of water in
the barbituric acid derivative molecule.
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EXPERIHEII TAL PART
Preparation of /yffiLiohlorodiethyl Ether.
ClCHgCH^O-CHgOHgCl
ICO grams of ethylene chlorohydrine were placed in a flask
with a reflux condenser, and 20 grams of concentrated HgSO^added.
The reflux condenser was surrounded with water at 100 C, and was
connected by wide glass tubing to a second vertical water-cooled
condenser. This apparatus permitted the removal of water and
chlorohydrine from the reaction mixture. The mixture was heated
to "boiling for a period of six hours, after which the flask was
connected to an inclined condenser, and the product, together
with the excess chlorohydrine, distilled off. By means of re-
peated distillation using a long fractionating column, the frac-
tion boiling from 175-178 was separated and collected. This
method gave a 22$ yield. Dichloroethyl ether boils at 177-178*0
(corr.). It has a specific gravity of 1.2130 at 20*C. It T s
refractive index at 25° is 1.4570.
Discussion: Direct re fluxing using cold water in the first
condenser without connecting the apparatus to a second condenser
for the removal of water formed during reaction, gave on distilla-
tion only 9-10$ of the diahloro diethyl ether.
Preparation by adding chlorohydrin to hot sulfuric acid and
immediate distillation of products, as is carried out in the
ordinary laboratory preparation of ethyl ether gave no results
whatever, and was given up after several failures.
Chlorohydrine is readily recovered from this reaction mix-
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ture tey distillation after drying over sodium sulfate for 24
hours. A fractionating tube should be used for the separation
of the chlorohydrine (boiling point 128*0), from the constant
boiling mixture of chlorohydrine and water (boiling point 108*C).
Preparation of Ilorpholin ( Oxa z ine )
.
/ CH2GH2
>KH
72 grams (l/2 mole) of the dichloroethyl ether were added
to 140 grams (2 moles) of. concentrated ammonia water, and the
two mutually dissolved in 200 cc. of 95% alcohol, and allowed
to stand for several days. It was found that the reaction
went too slowly at room temperature, so after standing nearly
a month, the reaction was hastened by gentle refluxirig for
sixteen hours. The resultant liquid was acidified, evaporated
to one fifth original volume, and then made alkaline with strong
alkali and distilled, care being taken to keep the distillate
cold. Only a few cubic centimeters were obtained and physical
constants could not be obtained.
Preparation of Phenyl Morpholin.
/CHgCHg
^ C £Hr
72 grams (l/2 mole) of dichlorodiethyl ether were placed
in a flask fitted with a reflux condenser to which was added
47 grams (l/2 mole) of aniline in a 10$ alkaline solution of
sodium hydroxide. The mixture was heated to boiling and re-
fluxed for sixteen hours. The resulting oil was extracted
with ether and then shaken with dilute hydrochloric acid
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(10 grams of concentrated in 1000 cc. water) to remove stil "basic
products. Four extractions were made, o.nd upon addition of
alkali an oil separated from the solution. This proved to
contain impurities, mostly aniline. The ether was then evap-
orated from the ether solution, and the remaining oil upon cool-
ing and scratching, precipitated out crystals of phenyl morpholin.
All residual oil was pressed out on a clay plate, and the pro-
duct recrystsllized from 50$ alcohol in water. This gave light
yellow flakes, nearly white—melting at 57-58°C (corr.). The
boiling point was found to be 249-250*0 (corr.). These constants
agree with those presented in the literature.
Preparation of 4 ,4-dicarboxethyltetrahydropyran.
11.5 grams (l/2 mole) of sodium were dissolved in 200 cc
.
of absolute alcohol, and after completion of the reaction, the
mixture was cooled in ice. To the cold sodium ethylate solu-
tion was added 80 grams (1/2 mole) of malonic ester and 72 grams
(1/2 mole) of the dichlorodiethyl ether, and the mixture re-
fluxed on a water bath for an hour. The flask was then removed
from the reflux and cooled, an equivalent amount of sodium
ethylate added, and the mixture again refluxed for an hour.
After cooling, the sodium chloride was filtered off with suction,
the alcohol evaporated, and water was added to the residue.
The oil which separated was extracted with ether, dried, and
purified by distillation. Thirty grams were obtained, which
was 26>c of the theoretical.
0=C-0CgH
5
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The 4 ,4-dicarboxethyltetrahydropyran was found to "boil at
260*0 (oorr.). It's specific gravity was 1.1072 at 20°C and
2 1/2 grams of sodium (1/10 mole) were dissolved in 35 cc.
of absolute alcohol. This was dropped through a funnel into
the bottom of a bomb tube containing 10 grams of 4 ,4-dicarbox-
ethyltetrahydropyran (1/20 mole) and 3.3 grams (1/10 mole) of
finely powdered carbamide (urea). These substances were well
mixed, after sealing the tube, and heated for five hours at
105*0. The tube was opened and the sodium salts filtered off
and washed with absolute alcohol. They were then dissolved
in dilute hydrochloric acid. The precipitated product was
separated by filtering with suction and purified by recrystalli-
zation from hot water. A 41% yield was obtained. The melting
point was 218°C (oorr.). The compound was analyzed for carbon,
hydrogen, and nitrogen, and for water of crystallization.
The results obtained are given on the following page.
refractive index was 1.4450 at 25°C.
Preparation ethyl ether Derivative of
Barbituric Acid.
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Reaults of Analysis.
0.2034 grams of substance gave 25.4 go. Kg at (742-15 .5 )mm.
and 29*C. = 0.02634 grams K
g
» 12.9$ Kg.
0.2336 grams of substance gave 0.1148 grams H2 = 5.49$ Hg
0.2336 grams of substance gave 0.3767 grams C0g = 43.93$ G.
Required for O^g.lHgO = 44.4$
I = 5.60$
I = 12.9$
0.6170 grams of substance was heated at 110° C.
loss in first hour = 0.0302 g.
second hour = 0.0206 g.
third hour = 0.0004 g.
fourth hour = 0.0002 g.
Total loss in Wgt. = 0.0514 g.
Theory loss in weight for one mole of HgO of crystallization
= 0.0510 g.
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1. A detailed review of various heterocyclic oxygen com-
pounds is given.
2. The preparation ofyy-dichloroethyl ether, a new product,
is described in detail.
3. The preparation of the following derivatives of the above
ether are described;- (a) morpholin, (b) phenyl morpholin,
(c) 4 ,4-dicarbox!pthyltetrahydropyran , (d) a),u>-ethyl ether deriva-
tive of barbituric acid.
4. y^3-dichlorodiethyl ether, which corresponds to "mustard
gas" in which the sulfur atom is replaced by an oxygen atom, was
found to possess none of the poisonous characteristics of it's
sulfur relative.
5. The barbituric acid derivative obtained by condensing
4 ,4-dicarboxJethyltetrahydropyran with urea did not possess the
hypnotic properties so noticeable in the related compound
veronal
.
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